Abstract. Complex network is widely used in networks, such as social networking services. The robustness is always a focus problem. Based on the analysis on influence of network node malfunction to the overall connectivity, we propose a node ranking strategy to optimize the robustness of complex network. This node ranking strategy is based on the Genetic Algorithm, which is applied to an unweighted graph in this paper, where the robustness value is an optimization target. Comparing the nodes in the network graph to the gene fragments, the cross mutation is realized, which ranking the nodes in the network. The simulation experiment based on the data from routing networks and a simulation of network, show the feasibility and practicability of this algorithm.
Introduction
Network robustness refers to as the capacity to absorb disturbances with a minimal impact on system performance [1] . In computer network routing, the failure of some important nodes may affect the overall network connectivity, and the network will be paralyzed by some broken subnets. And with the continuous development of science and technology, all kinds of measures based on the network are closely linked. A small number of nodes may cause great confusion, such as the network blackout in Italy in 2003. Therefore, the robustness is the most important issue in the complex network. Some network robustness measures are introduced by researchers, and some useful algorithms are proposed to optimize the network robustness.
A measure factor R is introduced to estimate the network robustness by Schneider [2] et al:
Which is used popularly. The reference [3, 4] also referred to the rubustness of the com plex network, which comes to the conclusion that with the increasing of the nod-e average degree, the fault tolerance of the BA Scale-free networks also increases. Nevertheless, the n umber of nodes does no influence on the fault tolerance. When the node average degree is at a low level. The BA Scale-free networks are likely to be more firm, while, on the contr ary, the ability of anti-attack decreases with the node average degree increases.
In a complex network, it is very important to find out the influence of each node on net work connectivity without changing its own structure. In this paper, the genetic algorithm is used to establish the system model and optimize the robustness index of the network to fin d the key nodes more quickly.
Description on the Complex Network
The definition of key nodes in complex networks to maintain network connectivity is an important node. It is very useful for evaluating the key nodes in large scale and complicated networks, in which evaluation of nodes importance is almost impossible to calculate with global information [5] . The nodes in the network are sorted according to the importance of the nodes, and the nodes are deleted in this order, so that the size of the largest connected network of the remaining networks is reduced more quickly, that is to say, the collapses of the network becomes more faster.
Considering that the ordering of this node is the whole arrangement of all the nodes in the network, the solution space is the factorial level, and the solution space is huge, the ordinary algorithm is not suitable to solve this problem. Now consider the node-oriented strategy. In the figure 1, nodes with large node degrees, such as node 2, do not necessarily play a central role in network connectivity, and the core connectivity should be node 6. This sequence can be compared to gene fragments in genetic algorithms, with each node corresponding to a gene fragment. Then we can find the optimal solution globally in the process of crossover and mutation. In the formula (1), i/N is the ratio of the removed nodes.σ is the ratio of the maximum number of connected groups to the number of remaining nodes in the remaining network after the deletion of the node. Setting i/N as abscissa and σas ordinate, we can get σ-curve, as is shown in the figure 2.The robustness index can be calculated as the area under the curve, and the excellent deletion strategy should have smaller R value.
That is, all nodes are reordered in the figure to get the sequenceA = ሼ‫ݒ‬ ଵ , ‫ݒ‬ ଶ , ‫ݒ‬ ଷ , ‫ݒ‬ ସ , … ‫ݒ‬ ே ሽ, so that the value of (1) will be as small as possible.
Model Solving Algorithm
Genetic algorithm is a kind of random search method, which draws lessons from the evolution of genetic mechanism of fittest survival and survival of the fittest. Its main feature is to manipulate the structure object directly, and there is no restriction of derivation and continuity of function. Using probabilistic optimization method, it can automatically obtain and guide the optimization of the search space, adaptively adjust the search direction, and do not need to determine the rules.
The algorithm flow is as follows: On the domain space U, we define a fitness function R, given population size N, crossover rate Pc, mutation rate Pm, algebra Gen.
(1) Robustness index value R in the domain space U, given the population size N, cross rate Pc, variation rate Pm, algebraic Gen.
(2)Randomly generate N chromosomes‫ݏ‬ ଵ , ‫ݏ‬ ଶ, ‫ݏ‬ ଷ , … ‫ݏ‬ ே in U, forming the initial populationS = ൛‫ݏ‬ ଵ , ‫ݏ‬ ଶ, ‫ݏ‬ ଷ , … ‫ݏ‬ ே ൟ, and the algebra t=1. (5) According to choice probability pሺ‫ݏ‬ ሻ is determined by the selected opportunity, each time randomly selected from the S a chromosome and copy it, do N times, and then reproduced by N chromosomes of ‫ݏ‬ ଵ .
(6) By the Pc to cross the chromosome number in the determination of c ,from‫ݏ‬ ଵ random to determine c a chromosome, matching of crossover operation, and the chromosomes, instead of the original, form a group ‫ݏ‬ ଶ .
(7) According to the number of mutations determined by the Pm, m is randomly selected from ‫ݏ‬ ଶ , and the variation operation is carried out separately, and the new chromosomes are replaced by the new chromosomes, which constitute the group ‫ݏ‬ ଷ .
(8) Replace the group as a new population, with the substitution of Gen = Gen + 1, and go to step (3).
Taking into account the complexity of the complex network system, in the calculation of robustness indicators, each delete a node, you need to use the traditional breadth-first search BFS and depth-first search DFS to calculate the maximum number of connections in the network, but this leads to algorithm complexity high. Therefore, it is not necessary to gradually delete the edge reduction from the original network, but to use the method of adding the edge in the empty network to quickly calculate the robustness index value. The algorithm flow is as follows:
(1) Given the original network G, and specify the order of the nodes，and rank the nodes, such as ‫ݒ‬ ଵ , ‫ݒ‬ ଶ , ‫ݒ‬ ଷ , … ‫ݒ‬ ே .Each node is currently not owned by any group.
(2) Add these nodes in order to the empty network G', and add a node‫ݒ‬ , and to check whether any of the neighbors are in G', according to the connection of the G record. 
Simulations and Analysis
The super parameter of genetic algorithm is set as the population size 30, the crossover rate is 0.8, and the variation rate is 0.9. The experimental environment is as follows: computer memory is 7.7GB, operating system is 64 bit Ubuntu17.04, JDK version is 1.8, CPU processor is Intel Core i7-4710MQ with 2.50GHz x 8 In 10 nodes in the network diagram and intuitive test feasibility verification algorithm, using the three 300,500,800 nodes of Huawei 2017 Code Craft server layout diagram example simulation tests, generating 10000 nodes of network diagram for complex network simulation test. From figure 3 , it can be intuitively seen that the top two nodes with the most influence on network diagram connectivity should be 1, 2. The optimal permutation of the 10 nodes is {1, 2, 6, 8, 0, 3, 5, 4, 9}, which can be intuitively seen in figure 3 to meet the expect ed results. It can be seen from the Table 1 that the genetic algorithm is convergent in different network graphs. Based on the analysis of the results of the 300-node routing network and the 800-node routing network, we can see that the network has strong anti-sabotage ability and the smaller R value, and obtains the better sorting result. This algorithm is within the acceptable range of time consuming. The sorting result here only gives the sort of the example 10 node.
By the simulation we can know that the genetic algorithm can solve the problem of this model on scheduling problems. A stable and feasible sorting strategy is obtained by adjusting the adaptation of gene fragments to global optimization.
Summary
In this paper, the nodes in the network are skillfully compared to the gene fragments, and the optimal sorting of the nodes which are the fastest collapse of the network is solved based on genetic algorithm. The number of nodes is increased in turn, and the optimal arrangement under the small R value is calculated based on the simulation experiment .The scheme can effectively solve the real life problem, and make the results of identification and warning of key nodes in complex network more reliable and stable. It is also helpful to study the blasting seepage problem in complex network. However, in the calculation of large-scale complex networks such as millions of nodes, the algorithm is slow to converge and the efficiency of the solution is low, which still needs further research.
